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Address 

NATIONAL AERONA 

HOUSTON 1, T€XA 

of Die. Robert R .  Gilruth, Director 
Manned Spacecref-i; Center 

Houston, Texas 

Eefore the  &.cricr;n I n s t i t u t e  of Czchltectu 

SherGton-Lincoln Hotel, French Salon, Houston, Tc;:cs - 

. .  

f o r  manned sp icecraf t  d i f f e r  i n  a zmber ~f im3ortant r e s p c z s  f-om ----.e _.. - 
ver,tional Tract ices  t h a t  have evolved i n  p e v i o u s  a i x m r t  ezd xss:.L, 2 ~ -  

pans.  These difl'zrences spr ing fron the  d i s t i n c t i v e  f ea tu res  of rmued 

space f l i g h t  prograxs and vehicles .  I w i l i  attempt t o  point out a few o f .  

these d i s t inc t ive  f ea tu res  'and the2.r e f f ec t  on r e l i a b i l i t y  and qua l i ty  con- 

t r o l  requirements. 

The most outstanding f ea tu re  of our programs is  r,he research characx--.  
I. 

__I 

The f l i g h t  missions being undertaken i n  the manned exploration of space ei.2 

i n  every sense of t h e  word, research f l i g h t s .  

leade, not on ly  of space i t s e l f ,  but  a l s o  on how t o  survive, t r ave l ,  cnci 

They are a search f o r  know- 

maneuver i n  space; t o  take off and Land. s w c e c r a f t  on t h e  ear th ,  the  moa, 

and eventually the  p lsne ts .  --. 

, 



Tqe spacecraft  we use a r e  sing:-->upose devices, few i n  number, t a i l o r c d  ------___ _. - 

spec i f i ca l ly  t o  eGch p a r t i c u l a r  mission. Once the  mission f o r  which they a r c  

designed has  been accomplished, they a r e  unl ikely t o  en te r  a produc-;ion phase 

or  en$oy a lone  period of oZLxtiona1 use a s  migilt a miss i le  or air-3kr.z. I:- 

t h i s  sense, our qua l i t y  cont ro l  problems a r e  much c lose r  t o  tl=..ose 02 t k ,  X-15 

t h a n  to those of t h e  B-58. 

For those few pioneering spacecraf t  we must  obtain pzrts, conpner.ts ,  sc's- 

,systems, and engineering as near t o  2er fec t ion  as the  m t i o n ' b  f i n e s t  crc=ftsn.?.:: 

can achieve. 

The,single-purpose character  of our spacecref t  is  not exact ly  of our o - ~ n  

choosing. 

a way as t o  require  a subs t an t i a l  advance i n  propulsion capab i l i t y  between each 

s tep .  

attempt each s t ep  as soon as the  minimum capab i l i t y  cen be achieved. 

we are  undertaking successive missions as rap id ly  as p s s i b l e ,  allay:: E.Z the  

extreme outer  lisit of our advancing propulsior. capabi l i ty ,  t h o  spececraTt we 

use a r e  r i g h t l y  weight l imited.  

Nature hes 2erversely l a i d  out the  stepping stones t o  space I n  such 

An urgent need f o r  tangib le  evidence of progress i n  s;?ace i r q e l l s  u s  -GO 

Becrxsr 

They can never be provided wit'n t he  growch 

p o t e n t i a l  t h a t  would allow them t o  be adapted TO succeeding steps. 

experienced engineering team completing the  c r u c i a l  f ina l  f l i z h t  stages of one 

program be safe ly  diver ted from i ts  task  to undertake the  design of t he  next 

vehicle .  Thus, we must progress by a s e r i e s  of more o r  l e s s  independent pro- 

grams, each of increasing s i z e  and complexity, overlapping i n  tirce, and mnned 

by d i f f e r e n t  independent teams of government and contractor  engineers, each 

having l i t t l e  if any f irst  hand f a m i l i a r i t y  with the  m o s t  recerit m n n &  space 

?;or cen the  
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f l i g h t  experiaence avai lable  a t  the  time the  program s tans .  : & ' A i s  .. s i tub t ion  

however, we cannot hope t o  acSievz perfect ion.  S0r.e design d e c i s i o x  vi> -;LLL 

be rade i n  ignorance of information that ex i s t s ,  and o thers  will  be ..k.rn wc;:.~ 

by infoxmation ys t  t o  be acquired. Tnese e r ro r s  w i l l  have t o  be c o x e c t e 2  ~ E C ' G ~ ?  

f l i g h t .  

ment i n  our progxms: t h a t  designs, procedures, 2nd scheduks xusz kev,? tk-_t 

Thus we a r r i v e  a t  what i s  perhaps the most i i i p r t a r . t  s ing le  rq1:Lx- . ' - .  

T-- 

i 

flexibility t o  c.'ssorS a steady stream of changes Fgcxx.ted by 8 continuellv 
i I 

increesing understanding of space Problems. Rel iab i l i ty ,  qua l i ty  ccntrol ,  ~ n c -  
I 
1 ' factur ing,  asd procurexezt p l r n s  must e l l  be set up vit'n T U X  recogni-Llon of \ -.- 

, 
t h i s  requirement f o r  con t ima1  hardware change e '-2 

The flow of new information from current space progrms i s  not the only 

Equipnent mali'unctions t h a t  occur d w h g  source of requirenents for change. 

system developmezt t e s t i n g  o r  p re f l igh t  preparations are of ten  of e q u d  or  

grea ter  importance. In  manned f l i g h t  we cannot a f f o r d ' t o  regard any cr" these 

equipnent malfunctions as 8 random f a i l u r e .  We mcls t  regard every malfunction 

and, i n  fac t ,  eve,-y observed pecu l i a r i t y  i n  the  behavior of a system as 

inportant warning of po ten t i a l  d i sa s t e r .  Only when the cause i s  t'r,o:*oughly 

understood, and a change t o  eliminate it has been r ide ,  can we proceed wlth 

t he  f l i g h t  program. 

???e problerz here is  one of shortening t h e  f a i l u r e  de tec t ion- -co~-rz~t lve  

ac t ion  'cycle to e l i m i n a t e  disastrous e f f e c t s  on c::2rai;i2g schedules. I,:? zze 
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finding it necessary t o  require  very a m s t i c  streamlining oi‘ pocedures  t h c t  

have grown up i n  mass production prc;;ra.ns, w k r e  ac t ion  se1do:n sterts u n t i l  

8 fGilurc  has been repeated a t  l e a s t  enough ti:nes t o  accmula te  E: wticca’clc 

tre.ctor, t o  subcontractor, to p a r t s  vendor, ar,d S x k ,  too oPtcn po5uccr. --bbl2 l . I L - - -  

but delsy, cost and disclaimers of respons ib i l l ty .  

RnFid correct ive resnonse t o  malfunctions throun:-.a”c sjrc”,en d ~ v ~ l : ~ - ~ ~ ~ r . ;  

End pre f l igh t  preparations i s  a c r i t i m l l y  imoortsfiz renuixxex; of our >YQ;XZX . 

if we are t o  meet schedules with hardware t h a t  i s  f i t  t o  fly. 

extent possible,  failure ana lys i s  er?d decislons as t o  correct2ve ecCon  nus; 

To t hz  rax:r.,---. 

L bake p h c e  ir;;n@diGtely a t  the  scene of the fa i lure ,  \here t‘ne c~vz:l~bil:ty of 

t h e  par t ,  t he  t e s t  setup, and the people involveu i n  the  tes+,, o f f e r s  the bes t  

opportunity for accurate determiixtion of the  per t inent  factsl Con-cncts 222 

purchase agreezents with com2onent and p a r t s  suppl iers  should provldc that Vie 

services  of t h e i r  engineering stalfs will be Evailable on call wknev>r recpi:-zc 

f o r  t h i s  purpose. Constructive and ef fec t ive  react ion t o  t’ne emergency sitm-:ios 

created when EL f a i l u r e  required redesign of a spwecraft coinponent is t h e  C;G& 

welcome contr ibut ion an  ind ivadud or  coznpsny can make t o  the  nat ioz’s  space 

progrem . 
’- . Another d i s t inc t ive  cha rac t e r i s t i c  of our spececraf-t 2s the l a rge  number 

of one-shot and l imi ted- l i fe  items used i n  t h e  various su’asystens. 

ter is-ck l i m i t s  t he  amount of proof t e s t i n g  t h a t  can be performed on the  

This charm- 

ac tua l  f l i g h t  articles. I n  the  case of items such as t h e  heat  shield,  escape 

rockets, explosive separa.t;ion devices, explosive disconnects, ignicei-s, etc. ,  
J 
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t h c  a c t u a l  specimen t o  be flown cannot be t e s t e d  a t  a l l .  Itca:s such c,z Zml 

cc11c, cblat ive  nozzlcc,  par.xhutcs, and l a u n c h  vckiclc  ez~Snc:; c-2 ;;c ~LV,:. 

only l imi ted  t e s t s ,  uzdcr coL3 t ions  t h a t  are noz t r u l y  rcpescmczlve,  x.2 

then only a t  considerable T~L;. 

duce xore f l l z h t  f a i l u r e s  thzn thcy  p a r e n t .  

course, shared 5y the  b a l l i s t i c  missile 'out not  by t h e  alrplmc. 

tkc tests crAL -G>-~L; ~ 2 - ~ e m z - ~ h  r;.-y Lz;;-a- 

??lis p a r t i c u l z r  problsa; is, o? 

- 
Tm operating philosophy t Z a t  hss  evolved t o  nzet t he  s i t u t i o . ?  2s t x c . -  

on t h e  idea tkzt randor3.y selecteZ srm2lc.s of compsxnts cnn be sQ>jec';ed, L- 

a so-called q .mi i f ice t ion  t e s t  program, t o  asp-onricze envlrorixer,c;l, re-:&- - .  
b i l i t y ,  and overstress t es t s  with cc.:plete coni'idefice tk'i t; ;c x x ~ t ~  2 t:?c.sc 

t c s t s  w i l l  8 l ; i l y  t o  t h e  r e m i n i c g  a,rticles i n s t a l l e d  ir. the r'l lgl?t i-21icles. 

?'his confidence I s  not J u s t i f i e d  unless  all s u p p o s e d l ~  i d e a t i c z l  p a x s  -q--a;: 

which t h e  ccqonen t s  are assembled L.?? t r u l y  idcnz icc i  i i l  all cssc r . t i~ l  fx- 

- *  

t u r c s .  Altkouch the  p a n s  can Se icspected and t h e i r  pr imcy chzyac-krfstics 

can bc ncasurcd, i d e n t i t y  i n  t h e  sense required by the  q u a l i f i c a t i x  - x z t  

Fhilosophy canno; be f u l l y  es tab l i shed  by inspect ion and ncasurexent c l x z .  

Ia'caturcs t h a t  evcntual ly  t u r n  out t o  be inportent  i n  governing sens i t rvLty  "c 

cnvironmnt of s u s c e 3 t i b i l i t y  t o  f a i l u r e  ofter, 2i"e urzecognlzcd o r  imdequate2y 

cicfincd by inspection o r  mcasurement at t h e  t i m e  0,' r L c d z c t u r e e  

To achieve a degree of cont ro l  over whatever unkr,oirr: o r  indctczxLnatc 

influences nay exis t ,  consideretion mds~ be given t o  t h e  necessl ty  t L z  EL 

components rec-irtgg c e r t i f i c a t i o n  through a i mlif i ce t ton  tcst nroc-a:~ kc 

made UD r'i-om c ~ s  o? ; a r t s  rtyose meriael-; have :een produced comeC\:z-veiv or. 

t h e  ccrne es sc?~ ' a l . ?~  fhc .  trit:?out an intervening change I n  desi,..:!. rmxc~:;. ~r 

I_ 

- 

-- 
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recorck show the loczt ion of a l l  pzr",s In  a set .  

Trlis requiresent f o r  ic2enzificztion of s r z s  Is of c r i t i c z l  i x i g a r ~ X 3  

whenever f a i l u r e  of n coaponent ucder t e s t  revezls  e 22r'ect i?. 8 p z ~ %  FL-ich 

can be a t t r i bu ted  t o  the  design or t o  the  mnufectur ing 01" > . ~ z L l k ;  proccsz.  

It then Ceccries e s s e n t i a l  t o  l ocs t e  2nd remove Liixdis-bely 2:on ~ l l  2X:k-c 

- .  coqoncnts  e l l  sirr.ilar p r t s .  S k c e  t'lese p r t s  zzy have been use& ;:-. ::.or2 

t'nen the one type cf coxyonent t ha t  revealed "ne deficiericy, i t  i s  not s*LY;'L::le;:; 

merely t o  renove a i l  of t h a t  type of component. Yce very s'z-ic'c coxtrol  ovm 

ail suG;pected p&rts ,  whenever used, can be r e r l i i y  loczted f o r  rz:-mcl cr.6 

rep l ac  erne n t  . 
I n  t h e  arer of inspection, f l i g h t  safety considerations en2 t k e  l l n l t e d  

I 

r . ~ S e r  or' a m i c l e s  involved i n  our programs make i - c  reasorable to require  

100 ;,?r cent inspection of a l l  items. Inspection procedures must be designed 

t o  loca te  and r e j e c t  every defective or marginal pa%, no matter how many good 
, 

p a r t s  a r e  uiinecesssrily re jec ted  i n  the  process. 

r i t ter  ?f extreme s e l e c t i v i t y  i n  the acceptance of p a r t s  f o r  spacecraft .  LE 

We e r e  not alone i n  This 
- 

t h e  outstandingly- successful Telestar s a t e l l i t e ,  - 58,800 acceptable s o l i d  S ' C L . ~ ~  

devices were exrnined t o  se l ec t  t h e  2,528 t h a t  were flown. 
,- 

Another indictition of what can be accomplished by s e l e c t i v i t y  cm3ined 



i?lr Force rnd t h c  Aeros,mce CorporatiC4:i s c t  ou t  t o  m4e ce r t a in  tk% ckc ZELXL- 

xwA r e l i a b i l i t y  of whlch t l x  design was capable would ac tua l ly  32 c;c:-,Lcvc.d ii? 

X3rcL-y o-pcrations. 

p o x n t  Szlection Progran, a k c t o r y  Rol lout  I n s y c t i o n  Propan, ZL .- ?l:gk-; 

Cafety Revie-.; 3--o,yem et the  kunch  sim. 

Tze pros:rm tht  resulted involved Ynree ~ L T L S ,  CI k - 2 -  

I n  the  ccx?or,ei?-L selectlor. p-ograr.1 all av&.ilabic Xclcc con?onax; -w;iii-a 

screened. 

t o  i d e a l  were selected end reserved f o r  mnned Mercury f l i g h t s e  

??.,osc w b s c  p r i o r  h i s torJ  ezd perfo; - iznce uncZe;- x c s t  'ircze closes?; 

In  t kc  ;-&oA.y ro l lou t  icspec5ion program x c h n i c s l  t e a x  of P L Y  ?orce 

and Acroqace experts on each boos'cer subsysten T.:?T? set ~2 t o  revlev the 

mnufacturing h i s to ry  and fac tory  tzsts of each Xercury booster -GO verify 

and c e r t i f y  i ts  s u i t a b i l i t y  for  mnrL?L ? l i g h t e  

I n  thc  f l i g h t  sa fe ty  r e v i m  progrcn simila? techz ica l  tearcs wcrc \;r;;anized 

a t  the launch s i t e  t o  noni tor  and record t h e  pcrfomznce of each subsysx;.: 

throuchout  a l l  p re f l igh t  preparations and checkou?; ec tZvl t ies .  'These teams 

r q o r t e d  t o  a senior  review board charged with the f i m l  res-mnsibi l i ty  fcA- 

rcvicwing a l l  <:?e problem and actLans 2er t inent  to ::?e booster and ce:-cZying 

,L +,.at, within t3e l i m i t s  of hu?an knowledse, it VLS re&y for mcncd o r b i t a l  

f l i g 3 t .  
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riormsl manhours t o  fabr ics te ,  an& ksvc received m o x  tScn  ,nrdc t i -xs  t:?e 

n o m 1  checkout t i n e  and attcn5ion. Ilhile no x n  can scy thrr .  thi:: i'o=;.ui.& 

We believe tkese o s e r c t i ~ r ~  groceduras developed f o r  the  b : z x u q ~  k o s t t ?  

and spacecrsft  Pave been veyy ef-2active i n  concectrr t lnz the t-;-~er=iicr: of u..c 

bes t  cpdif  ied -cec'?,nicel t a l e n t  avai lable  on the deta i led  englseerLn2 yoX:.--; 

of each vehicle.  S i n i l e r  procedures ~211 be followed i n  our fu ture  program. 

I n  the des5gn a d  L e s t i w  a r s a s  our appcoach t o  the r e l i a b i l i t y  a:zd 

fright sa fe ty  pmbles  el,o reflects lessons lemned ir, greviom research 

airplane,  missile,  and spxe f l i $ i - b  7ropams. I h i l e  w? cttexq-l t o  a u p . m t  

sa fe ty  'ctnerever p r a c t i c a l  by ercsrgency escape pov i s lons ,  we :?cognize t h a t  

t h e  most ef fec t ive  approach Lo szfety is  throu& vehicle r c l l a b i l i t y .  

To insure t h a t  edequete a t t en t ion  i s  di?eczed t o  r e l i c X i 2 z y  L n  -L>s 2esig:c 



. -  

rAted before f l i g h t  if t he  ground t e s t  tcchniqusa and pr0grm.s thz-G '"-ere u:-L--- 

mazeiy devised hzd been ava i lab le  &t that time. 

we a r e  tending t o  concentrate much of our r e l i s b i l i t y  e f f o r t  on devising sub- 

system t e s t  programs t h a t  w i l l  detect  and eliminate these zvoic??ble sources 

A s  a r e s u l t  of t h i s  experierlce 
I 

of feilure before f l i&t .  

Basically, our apyoach I s  en attempt t o  layout system designs t h a t  i:ill 

absorb the expec-:ea nmber of p r t s  f a i l u r e s  wi , thc~ t  ser ious consequences, and 

t o  layotit e t e s t i q  program t h a t  v5I-l =;sure de'cec-;ion, and correction of e11 

other  s:curces of system f a i l u r e  before f l i g h t .  

r-rh 3 last a m i  most ? ~ ~ k : . z : ~ z ~ i  rec_.L:-emenz foz ;ccczss i n  our rr...x..,ncG srz-s  
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